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SRROIRUPHGRQWKHFDWKRGHVXUIDFHOHDGLQJWRDPRUHDQGELJJHU03VHMHFWLRQ
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QXPEHUVFROOHFWHGODUJHUWKDQGLIIHUHQWGLDPHWHUVLVDOVRSORWWHGLQ)LJEDQGG7KHILUVWVWULNLQJIHDWXUHLVWKDW
WKH QXPEHU RI 03V GHFUHDVHV H[SRQHQWLDOO\ ZLWK LQFUHDVLQJ GLDPHWHU 7KLV UHVXOW LV LQ DJUHHPHQW ZLWK IRUPHU
UHSRUWV ZKHUHDV WKH GLDPHWHU UDQJH KHUH LV GLIIHUHQW DQG ODUJHU0RUHRYHU WKH03V GHFUHDVH WUHQG LQ GLIIHUHQW
PDJQHWLF ILHOG FRQGLWLRQ LV VLPLODU WKRXJK HDFK WUDQVYHUVHPDJQHWLF ILHOGKDV LWV RZQFKDUDFWHULVWLF OHYHO RI03V
DPSOLWXGH7KHVHFRQGVWULNLQJIHDWXUHQRWPHQWLRQHGEHIRUHLVWKDWWKHQXPEHUGHQVLW\RI03VGLVWULEXWHGLQHYHU\
XQLWGLDPHWHUUDQJH∇ μPGHFUHDVHZLWKDQLQFUHDVHLQWUDQVYHUVHPDJQHWLFILHOGDQGWKHGHFUHDVHSURSRUWLRQ
LVVLPLODU7KHWKLUGVWULNLQJIHDWXUHIURP)LJEDQGGDVWDWLVWLFDOJUDSKWKDWKDVQHYHUEHHQFRQFHUQHGVKRZV
WKDWWKHWRWDO03VQXPEHUVFROOHFWHGODUJHUWKDQGLIIHUHQWGLDPHWHUVGHFUHDVHZLWKQRWRQO\DQLQFUHDVHLQWUDQVYHUVH
PDJQHWLF ILHOG EXW DOVR DQ LQFUHDVH LQ GLDPHWHU 7KH 03V GHFUHDVH WUHQG LV VLPLODU LQ WKH VDPH SDUDPHWHU
FRPSDULVRQ

)LJ'HWDLOHGVL]HGLVWULEXWLRQRI03VRQWKHVXUIDFHRI7L1DQG7L$O1ILOPVD9DULDWLRQLQWKHQXPEHURI03VFODVVLILHGE\WKHLU
GLDPHWHUV IRU7L1 ILOPV E7RWDO QXPEHUV RI03V FROOHFWHGZLWKGLDPHWHU ODUJHU WKDQ GLIIHUHQW GLDPHWHUV IRU 7L1 ILOPV F9DULDWLRQ LQ WKH
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QXPEHURI03VFODVVLILHGE\WKHLUGLDPHWHUVIRU7L$O1ILOPVG7RWDOQXPEHUVRI03VFROOHFWHGZLWKGLDPHWHUODUJHUWKDQGLIIHUHQWGLDPHWHUV
IRU7L$O1ILOPV
$QRWKHU VWULNLQJ IHDWXUH VKRXOG EH SRLQW RXW LV WKDW WKH QXPEHU RI03V RQ 7L$O1 ILOPZLWK70) *V LV
ODUJHU WKDQ WKDW RQ ILOPZLWKQRPDJQHWLF ILHOG DSSOLHG HVSHFLDOO\ IRU WKH VPDOO03V7KLV DSSHDUV WREUHDFK WKH
JHQHUDO FRQFOXVLRQ WKDW DQ LPSRVHG PDJQHWLF ILHOG FDQ UHGXFH WKH 03V HPLVVLRQ ,Q WKH FDVH RI ILOP ZLWK QR
PDJQHWLFILHOGDSSOLHGLWKDVEHHQREVHUYHGWKDWPDQ\PHGLXPVL]H03VRYHUODSHDFKRWKHUIRUPLQJELJJHU03V
DQGPDQ\VPDOO03VDUHHQYHORSHGE\WKHRYHUODSSHG03VDQGRWKHUODUJHU03V7KRXJKWKLVLVDOVRKDSSHQHGLQ
RWKHUFDVHLWLVPRUHVHULRXVLQWKHFDVHRI7L$O1ZLWKQRPDJQHWLFILHOGDSSOLHGGXHWRWKHORZPHOWLQJSRLQW
DQGORZYHORFLW\RIFDWKRGHVSRW
03V IRUPDWLRQ LVFORVHO\ OLQNHGZLWKFDWKRGHVSRWPRWLRQ DQG LQSDUWLFXODUZLWK WKHYHORFLW\RIFDWKRGHVSRW
PRWLRQ 7KH UHGXFWLRQ LQ WKH QXPEHU GHQVLW\ DQG VL]H RI 03V ZLWK WKH LQFUHDVHG 70) LV FRQVLVWHQW ZLWK WKH
FRUUHVSRQGLQJ GHFUHDVH LQ FDWKRGH VSRW VL]H 6XFK D UHVXOW LV SHUKDSV QRW VXUSULVLQJ ZKLOH WKH PRVW SURPLQHQW
IHDWXUHLVWKDWWKH03VGHFUHDVHVORSHRYHUVHYHUDORUGHUVRIPDJQLWXGHRIPDJQHWLFILHOGGLDPHWHUFKDQJHVOHVVD
UHGXFWLRQRIVLPLODURUGHUVRIPDJQLWXGHLQWKH03VQXPEHUGHQVLW\LQWKHVDPHGLDPHWHUUDQJHRUODUJHUWKDQWKH
VDPH GLDPHWHU FDQ EH IRXQG 7KLV LQGLFDWHV D IUDFWDO FKDUDFWHULVWLF RI03V GLVWULEXWLRQ RQ ILOPV ZKLFKZLOO EH
MXVWLILHGLQWKHQH[WVHFWLRQ
03VSRZHUODZGLVWULEXWLRQ
0RVWZRUNIRFXVRQWKHQXPEHUDQGVL]HUHGXFWLRQRI03VE\DQDO\]LQJWKHLUWRWDORUDYHUDJHGDWD+RZHYHUIHZ
UHVHDUFKHUV SD\ DWWHQWLRQ WR WKH VFDWWHULQJ EHKDYLRU RI03V ZKLFK LV IOXFWXDWLQJ DQG UDQGRP RQ WKH ILOPV 7KH
IUDFWDODSSURDFKLVHIIHFWLYHWRGHVFULEHWKHQRQOLQHDUDSHULRGLFFKDRWLFSKHQRPHQD>@VXFKDVUDQGRPZDONRI
FDWKRGH VSRW DQG VHOIVLPLODULW\RI FDWKRGH VSRW>@)UDFWDO LV LQYDULDQW WR VFDOLQJZKLFKPDNHV LW ³VHOIVLPLODU´
ZKHQ FKDQJH WKH VFDOH RI PHDVXUHPHQW DQG REVHUYDWLRQ ,Q SK\VLFDO ZRUOG VHOIVLPLODULW\ LV DSSUR[LPDWH DQG
DV\PSWRWLFDODQGD IUXLWIXODSSURDFK LV WR ORRNIRUDSRZHU ODZGHVFULELQJ WKHSK\VLFDOSKHQRPHQDVXFKDV03V
GLVWULEXWLRQ 7KH QXPEHU RI 03V GHSHQGV RQ WKH VSDWLDO UHVROXWLRQ RI REVHUYDWLRQ DQG RQ WKH VFDOH OHQJWK RI
PHDVXUHPHQW WKH ILQHU WKH VFDOHXQLW İ WKH ODUJHU LV WKHDSSDUHQWQXPEHURI03V$FFRUGLQJ WR WKHKRPRJHQRXV
SRZHUODZ αF[[I = ZKHUHFDQGĮDUHFRQVWDQWVDSRZHUODZFDQEHIRXQGFRQQHFWLQJWKHQXPEHURI03V1İ
ZLWKWKHPHDVXUHPHQWVFDOHXQLWİ
  
D1 ε ε 
7DNLQJORJDULWKP OQ   OQ1 ε α ε 
)LJDDQGEVKRZGDWDE\WDNLQJORJDULWKPRIWKHQXPEHURI03V1İDQGWKHPHDVXUHPHQWVFDOHXQLWİ,W
FDQEH VHH WKDW WKHYDOXHRI OQ ε1 LV DSSUR[LPDWHSURSRUWLRQDO WR WKHYDOXHRI εOQ ZLWKD VLPLODUFRQVWDQWRI
SURSRUWLRQDOLW\ZKLFK LVDQHJDWLYHQXPEHU7KLVUHVXOW LQWHUHVWLQJO\FRQILUPVWKHSRZHUODZGLVWULEXWLRQRI03V
DQGDIUDFWDOGLPHQVLRQPD\EHGHILQHGDVIROORZ

OQ   OQ  
OQ   OQ I
1 1' εε
ε ε αε ε→ →= = −−  O L P O L P 
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
)LJ OQ ε1  εOQ SUHVHQWDWLRQRI03VGLVWULEXWLRQD7L1ILOPVE7L$O1ILOPV
7KHOQOQSUHVHQWDWLRQLQ)LJDDQGELQGLFDWHWKDWWKH03VGLVWULEXWLRQVKDYHWKHIUDFWDOGLPHQVLRQVJLYLQJ
' IRU7L1 ILOPV DQG ' IRU 7L$O1 ILOPV7KH IUDFWDO GLPHQVLRQV KDYH OLWWOH GHSHQGHQFHRQ WKH
PDJQHWLF ILHOGFRQGLWLRQ7KHVORSHRI WKHFXUYHV LVDOPRVW LQYDULDEOHEXW WKHFXUYHVVKLIWGRZQVOLJKWO\ZLWK WKH
WUDQVYHUVHPDJQHWLF ILHOG LQFUHDVHEHFDXVHHDFK WUDQVYHUVHPDJQHWLF ILHOGKDV LWVRZQFKDUDFWHULVWLF OHYHORI03V
DPSOLWXGH7KLVVXJJHVWVWKDW03VGLVWULEXWLRQVRQILOPVSUHSDUHGZLWKGLIIHUHQWWUDQVYHUVHPDJQHWLFILHOGLQWHQVLW\
KDYHWKHVLPLODUVFDWWHULQJEHKDYLRU7KHVPDOOHU03VDUHPXFKPRUHIUHTXHQWWKDQODUJHRQHVZKLOHWKHODUJHU03V
KDYHPRUHPDVVDQGYROXPHWKDQVPDOORQHV,WVHHPVWKDWWKLVIROORZVWKHGLVWULEXWLRQODZRIS\UDPLGVW\OHZKLFK
FDQEHIRXQGLQPDQ\ILHOGVRIQDWXUH7KHSURFHVVRI03VHPLVVLRQLVDOVRWKHSURFHVVRIHQHUJ\WUDQVIRUPDWLRQ
DQGWKXVWKHGLVWULEXWLRQRI03VUHYHDOVWKHGLVWULEXWLRQRIHQHUJ\LQWKHSURFHVVRIHPLVVLRQ7KHUHIRUHWKHHQHUJ\
GLVWULEXWLRQ LQ WKH SURFHVV RI FDWKRGH VSRW HPERGLHV WKH SULQFLSOH RI HTXLOLEULXP 7KH GLIIHUHQFH LQ WKH IUDFWDO
GLPHQVLRQV IRU 7L1 DQG 7L $O 1 ILOPV VXJJHVWV WKDW WKH VFDWWHULQJ EHKDYLRU RI 03V RQ ILOPV KDYH PRUH
GHSHQGHQFHRQFDWKRGHPDWHULDO WKDQPDJQHWLF ILHOGDSSOLHG7KHFKDRVRI03VGLVWULEXWHGRQ7L$O1ILOPV LV
PRUH REYLRXV DQG VHULRXV WKDQ WKDW RI03V RQ 7L1 ILOPV 7KLV PD\ EH DWWULEXWHG WR WKH GLIIHUHQW FDWKRGH VSRW
VWUXFWXUHDQGHQHUJ\GLVWULEXWLRQLQWKHSURFHVVRIWUDQVIRUPDWLRQIRUGLIIHUHQWFDWKRGHPDWHULDOXVHG
03VILOPDUHDUDWLR
7DNLQJLQWRDFFRXQWWKHYROXPHGLIIHUHQFHIRUGLIIHUHQW03VVL]HWKH03VILOPDUHDUDWLRRWKHUWKDQWKHQXPEHU
DQGWKHVL]HGLVWULEXWLRQRI03VLVDOVRFKRVHQDVDFULWHULRQWRHYDOXDWHWKHFRQWDPLQDWLRQRI03V7KHUHODWLRQVKLSV
EHWZHHQWKHDUHDUDWLRFRYHUHGE\WKH03VRQ7L1ILOPV7L$O1ILOPVDQGWKH70)DUHSORWWHGLQ)LJDDQG
E7KHDUHDUDWLRFRYHUHGE\WKH03VRQ7L1ILOPVGHFUHDVHVIURPWRZKHQWKH70)LQFUHDVHVIURP
*WR*DQGWKDWRQ7L$O1ILOPVGHFUHDVHVIURPWRZKHQWKH70)LQFUHDVHVIURP*WR*$Q
LQFUHDVH LQ70) LQFUHDVHV WKH URWDWLRQDOYHORFLW\RIFDWKRGHVSRWDQGGHFUHDVHV WKH VSRW UHVLGHQFH WLPHDQGVL]H
UHVXOWLQJ LQ D IHZHU DQG VPDOOHU03V HMHFWLRQ$Q DSSURSULDWH LPSRVHG70) LV DQ HIIHFWLYHPHWKRG RI UHGXFLQJ
03V¶FRQWDPLQDWLRQRQILOPVE\$,3DQGWKLVZRUNLVJRLQJRQ
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
)LJ,QIOXHQFHRIWKHWUDQVYHUVHPDJQHWLFILHOGRQWKHDUHDUDWLRFRYHUHGE\WKH03VRQ7L1DQG7L$O1ILOPVD7L1ILOPVE7L$O
1ILOPV
 &RQFOXVLRQV
7KLVSDSHUGHVFULEHVWKHHIIHFWVRI$0)RQ03VGLVWULEXWLRQRQ7L1DQG7L$O1ILOPVSUHSDUHGE\$,37KH
PDLQFRQFOXVLRQVRIWKLVSDSHUDUHGUDZQDVIROORZ
$QLQFUHDVHLQWKHWUDQVYHUVHFRPSRQHQWRI$0)FDQLQFUHDVHWKHURWDWLRQDOYHORFLW\RIFDWKRGHVSRWPRWLRQ
GHFUHDVHWKHVSRWUHVLGHQFHWLPHDQGJHQHUDWHIHZHUDQGVPDOOHU03VHMHFWLRQ,QWKHFDVHRIZHDN$0)03VDUH
PRVWO\ODUJHOLTXLGVSODVKOLNHSDUWLFOHVZKLOHIRUUHODWLYHO\VWURQJ$0)03VDUHPRVWO\VPDOOVROLGQHDUVSKHULFDO
SDUWLFOHV7KHPHOWLQJSRLQWRIWKHFDWKRGHWDUJHWPDWHULDOFOHDUO\DIIHFWVWKHQXPEHURI03V7KHDPRXQWRI03VRQ
7L$O1ILOPVLVREYLRXVODUJHUWKDQWKDWRQ7L1ILOPV
 7KHPRVW VWULNLQJ IHDWXUH RI03V VL]H GLVWULEXWLRQ LV WKDW WKH03V GHFUHDVH VORSH RYHU VHYHUDO RUGHUV RI
PDJQLWXGHRIPDJQHWLFILHOGGLDPHWHUFKDQJHVOHVVDUHGXFWLRQRIVLPLODURUGHUVRIPDJQLWXGHLQWKH03VQXPEHU
GHQVLW\ LQ WKH VDPH GLDPHWHU UDQJH RU ODUJHU WKDQ WKH VDPH GLDPHWHU FDQ EH IRXQG 7KLV LQGLFDWHV D IUDFWDO
FKDUDFWHULVWLF RI03V GLVWULEXWLRQ RQ ILOPV 7KH OQOQ SUHVHQWDWLRQ LQGLFDWHV WKDW WKH03V GLVWULEXWLRQV KDYH WKH
IUDFWDOGLPHQVLRQVJLYLQJ'IRU7L$O1ILOPVZKLFKLVODUJHUWKDQWKDWRI7L1ILOPVJLYLQJ'7KH
VORSH RI WKH FXUYHV LV DOPRVW LQYDULDEOH EXW WKH FXUYHV VKLIW GRZQ VOLJKWO\ ZLWK WKH WUDQVYHUVH PDJQHWLF ILHOG
LQFUHDVH7KHVFDWWHULQJEHKDYLRURI03VRQILOPVSXWVPRUHGHSHQGHQFHRQFDWKRGHPDWHULDO WKDQPDJQHWLF ILHOG
DSSOLHG7KHFKDRVRI03VGLVWULEXWHGRQ 7L$O1 ILOPV LVPRUHREYLRXVDQGVHULRXV WKDQ WKDWRI03VRQ7L1
ILOPV
7KHDUHD UDWLRFRYHUHGE\ WKH03VRQ7L1 ILOPVGHFUHDVHV IURP WRZKHQ WKH70) LQFUHDVHV
IURP*WR*DQGWKDWRQ7L$O1ILOPVGHFUHDVHVIURPWRZKHQWKH70)LQFUHDVHVIURP*WR
*$QDSSURSULDWHLPSRVHG70)LVDQHIIHFWLYHPHWKRGRIUHGXFLQJ03VFRQWDPLQDWLRQRQILOPVE\$,3
$FNQRZOHGJPHQWV
7KLVZRUNZDVVXSSRUWHGE\WKH1DWLRQDO+LJK7HFKQRORJ\5HVHDUFKDQG'HYHORSPHQW3URJUDPRI&KLQD
3URJUDP1R$$=1DQRFRPSRVLWH&RDWLQJVRI8OWUDILQH*UDLQHG+DUG0HWDOV7KHDXWKRUVZRXOGEH
JUDWHIXO WR'&0HHNHUZLWK)RVWHU0LOOHU ,QF86$IRUKLV IUHHSURYLVLRQDQGNLQGDGYLFHDERXW WKH)(00
VRIWZDUHSDFNDJH
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